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The quadrupole ion trap is commonly operated with a constant background pressure of an 
inert, low molecular weight buffer gas. This inclusion of a buffer gas has been shown to 
increase the sensitivity and mass resolution of the instrument. Research to gain an under- 
standing of these effects, both experimental and through simulations, has typically assumed 
that it is optimal to maintain a constant buffer gas pressure throughout the entire experi- 
ment. This article describes the effects of the pulsed introduction of buffer gas at strategic 
points within the analytical scan and evaluates those events during which the presence of 
buffer gas is critical. By incorporating a pulsed valve within the ion trap manifold, both the 
presence and pressure of the buffer gas can be controlled and varied during the individual 
steps of the scan. The presence of helium buffer gas just before the ion ejection and detection 
event showed a greater increase in intensity of the ion signal than at any other time in the 
analytical scan. In addition, this increase in intensity upon pulsed introduction of buffer gas 
prior to detection is constant over a wide range of pulsed valve open times (i.e., pressures), 
whereas the signal enhancement upon pulsed introduction of the buffer gas before ionization 
is observed only over a narrow range of pulsed valve open times. 
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ince the commercial development of the 
quadrupole ion trap mass spectrometer in the 
early 198Os, the standard mode of operation has 
included a constant background pressure (1O-3-1O-” 
torr) of an inert, low molecular weight buffer gas [I]. 
Helium is the buffer gas most commonly used, al- 
though studies that used other gases such as argon, 
neon, and xenon have been reported [2, 31. Multiple 
collisions between ions and the helium atoms reduce 
the kinetic energy of ions and cause their orbits to 
collapse toward the center of the trap [4-81. This 
damping process yields a tightly formed ion cloud that 
has been deemed responsible for the improvement in 
mass resolution and sensitivity in the quadrupole ion 
trap [ 11. It has also been exploited in Fourier transform 
ion cyclotron resonance (FTICR) mass spectrometry for 
signal-to-noise improvement via signal averaging 
[9-111; this enhancement arises from the ability of ions 
to be cooled and remeasured repeatedly due to the 
nondestructive detection feature of FTTCR. 
Simulation studies of the motion of ions in a 
quadrupole ion trap [7, 121 have shown that collisions 
with a buffer gas reduce both radial and axial motion 
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of the ions, illustrating the collisional focusing of ions 
within the ion trap due to successive losses of ion 
momentum. Thus, several possible explanations can be 
offered for the observed increase in ion intensity when 
the ion trap is operated under typical high pressure 
conditions (10m3 torr). First, the presence of a buffer 
gas may increase trapping efficiency by damping the 
motion of ions that are formed far from the center of 
the trap. These collisions with a buffer gas will focus 
the ions closer to the center of the trap where they can 
assume a stable trajectory. Second, ions may be stored 
more efficiently because they will be physically clus- 
tered at the center of the trap where they reside at the 
bottom of the pseudopotential well I131. This would 
minimize ion loss due to excursions of ions beyond the 
physical limitations of the ion trap. A third possible 
consideration arises from the need to eject ions through 
one or more small perforations at the center of the exit 
endcap electrode to enable them to be detected by the 
electron multiplier. Whereas effective external detec- 
tion is estimated to occur for ions located within a 
2-mm cylindrical region in the center of the trap 1141, 
damping the radial motion of the ions is expected to 
permit more efficient passage of ions through these 
holes and thus improve the detection efficiency. 
Studies utilizing constant buffer gas pressures have 
shown the benefits of collisional cooling [15] in a 
quadrupole ion trap; however, whether these benefits 
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accrue from the capability of the buffer gas to trap, to 
store, or to detect ions more efficiently has yet to be 
successfully resolved. Previous studies typically opti- 
mized the pressure of buffer gas to obtain maximum 
sensitivity. However, the pressure determined to be 
optimum in these studies (where there is a constant 
pressure of buffer gas throughout the entire experi- 
ment) may actually involve a compromise. The opti- 
mum pressure for initial trapping and storage of ions 
may not be best for efficient detection, and a subse- 
quent tradeoff may occur to enable observation of the 
maximum ion signal. Because the operation of the 
quadrupole ion trap with a high pressure of buffer gas 
is not always conducive to studies involving ion- 
molecule reactions or structurally informative tech- 
niques such as photoinduced dissociation (PID) [ 161, it 
is desirable to resolve whether the primary role of 
collisional cooling is to maximize the trapping and 
storage of ions, to increase the ion detection efficiency, 
or both. 
Our approach employs three independent pulses of 
helium at three different times in the analytical 
scan-before ion formation, after ion formation but 
before mass isolation, and prior to ion ejection and 
detection. Therefore, the trapping and storage of ions 
can be effectively separated from the detection event, 
and the effect of the buffer gas on each step can be 
studied. In our laboratory, we have developed a pulsed 
valve system in which the pulsed valve is mounted 
within the vacuum chamber directly adjacent to the 
ion trap 1171. The buffer gas can, therefore, be intro- 
duced through the pulsed valve at different times in 
the experiment and the effect of buffer gas on each 
event can be evaluated independently. Because inter- 
nal ionization is the method of ion formation in these 
studies, there is no real distinguishable difference be- 
tween the ion trapping and ion storage events in this 
study. We are currently investigating the effect that 
the pulsed introduction of helium buffer gas has on 
externally generated ions; the results will be discussed 
in a separate publication [ 181. This article describes the 
pulsed valve setup as well as the effect of pulsed 
introduction of buffer gas on storage and detection 
efficiencies of ions that are formed via internal ioniza- 
tion. 
Experimental 
The quadrupole ion trap employed in this study was a 
Finnigan MAT (San Jose, CA) ion trap mass spectrome- 
terTM (ITMS) with a modified version of the standard 
software (Ion Catcher Software, ICMS) [ 191. The pulsed 
valve setup was described previously [17]. Briefly, the 
pulsed valve was a Series 9 pulsed valve (General 
Valve Corp., Fairfield, NJ) with an exit orifice diameter 
of 0.006 in. The valve was mounted on l/4-in. stainless 
steel tubing and inserted into the ITMS chamber 
through a l/4-in. bored-through Cajon (Macedonia, 
OH) adapter welded to the flange. The orifice of the 
pulsed valve was positioned approximately 1 cm from 
the top of the ion trap as shown in Figure 1. Mounting 
the pulsed valve within the vacuum chamber allowed 
for rapid removal of neutrals, eliminating the diffu- 
sional broadening of gas pulses caused by lengthy 
connecting tubing encountered in externally mounted 
pulsed valve systems [20, 211. To improve pumping 
conductance and thus permit the rapid removal of the 
buffer gas from the analyzer volume, both Teflon@ 
spacers were removed from the trap. 
The ICMS software was used to allow software 
control of the transistor-transistor logic (TTL) signal 
generated by the ITMS scan acquisition processor (SAP) 
adapter board. This TTL signal triggered a pulsed 
valve controller built in-house. The duration of the 
control signal from the controller was measured by 
using a LeCroy (Chestnut Ridge, NY) model 9400 
digital oscilloscope. 
Three separate experiments were conducted in 
which helium was pulsed into the trap at different 
times in the analytical scan-before ionization, before 
mass isolation, and before detection--to determine the 
effect of buffer gas on trapping storage and detection 
efficiencies. It was necessary to use ions that would not 
fragment easily nor undergo ion-molecule reactions 
during long trapping periods. Therefore, several dif- 
ferent cations were evaluated for these studies, and 
three were selected. The M+’ ion of furan (m/z 681, the 
[M + HI + ion of crown-4-ether (m/z 177), and the 
CRF16N+ fragment ion of perfluorotributylamine (m/z 
414) were chosen based on the fact that the compounds 
were all liquids at room temperature and could be 
vaporized readily into the vacuum manifold. In addi- 
tion, these ions were resistant to fragmentation or 
reaction in the ion trap even after long storage times. 
Each of the experiments was run by using a Forth 
program in which the pulsed valve open time was 
incrementally increased by 100 ms. Each scan acquired 
was an average of 10 scans (termed microscans in the 
ITMS software); 5 replicate scans were taken at each 
time increment. The time required to complete one 
Pulsed Valve 
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Figure 1. The pulsed value is mounted within the vacuum 
chamber with the orifice approximately 1 cm from the top of the 
ion trap. 
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experiment in which the helium buffer gas was intro- 
duced before a single event was 5-6 h. Therefore, the 
stable ion signal afforded by using liquid samples was 
essential for carrying out these experiments effectively. 
Ions of furan and perfluorotributylamine (PFTBA) were 
generated by electron ionization (EI) for 1 ms. The 
[M + HI+ ion of crown-Pether was generated by per- 
forming EI and allowing the ions to undergo self- 
chemical ionization (CI) during a 40-ms reaction pe- 
riod. 
Figure 2 shows a representative timing diagram for 
the three different experiments mentioned previously. 
The traces labeled a, b, and c represent individual 
experiments in which helium was pulsed before ion- 
ization, before mass isolation, and before detection, 
respectively. The length of the scan function and the 
values of qionizatio,, and qstorage (typically 0.14) for all 
three ions were identical to eliminate the possibility of 
discrepancies occurring because of variations in the 
execution of the experiment. For this reason, the scan 
functions for the experiments involving furan and 
PFTBA ions had a 40-ms reaction time after ionization 
even though no self-C1 was occurring with these ions. 
In addition, 4-s delays were inserted (periods 3 and 7) 
after all possible points of buffer gas introduction to 
insure that the helium was completely removed from 
the analyzer volume before the next event. The effect 
of this long delay in period 3 was that of a collisional 
cooling period for the ions and, as such, would result 
in an observed increase in ion signal intensity even in 
the absence of buffer gas. Therefore, all experiments 
were conducted with this 4-s delay after the ionization 
event to maintain consistency throughout the entire 
study. The ion of interest was isolated by using the 
method of two-step isolation [22, 231. The ion isolation 
times were typically on the order of 6 ms. 
In addition to allowing control over the point in the 
analytical scan in which the buffer gas is introduced, 
the trigger pulse initiated by the software was used to 
regulate the gas pulse width and, therefore, the amount 
of buffer gas introduced into the trap. The trigger time 
of the pulsed valve was varied between 0 and 6 ms, 
although longer pulses could be attained. At times 
shorter than 1.2 ms, the mechanical response of the 
pulsed valve actuator was too slow to allow the valve 
to open. The length of time the pulsed valve must be 
opened for adequate introduction of the buffer gas is 
dependent on the back pressure of the helium gas on 
the pulsed valve as well as the response time of the 
individual pulsed valve and pulsed valve controller. 
The experiments described herein employed approxi- 
mately l- or lo-psig back pressure on the valve. As 
there was no constant source of helium in these experi- 
ments, buffer gas was not introduced into the trap at 
any time other than the event in which the pulsed 
valve was triggered. 
The crown+ether and furan were obtained from 
Sigma Chemical Co. (St. Louis, MO), whereas PFTBA 
was obtained from PCR (Gainesville, FL). All samples 
were introduced into the vacuum manifold through a 
Granville-Phillips (Boulder, CO) leak valve at a nomi- 
nal (uncorrected) pressure of 1.6 x O-6 torr measured 
with a Bayard-Alpert ion gauge mounted on the mani- 
fold. For constant pressure experiments, helium was 
introduced into the manifold at a nominal (uncor- 
rected) pressure of 1.0 X lo-” torr. 
Results and Discussion 
The first series of experiments was performed to deter- 
mine the effect of pulsed introduction of buffer gas on 
the trapping storage and detection efficiencies of three 
ions of different mass. Figure 3 shows the results of 
pulsing the buffer gas before ionization and prior to 
the detection of the M+’ ion of furan (m/z 681, the 
[M + HI+ ion of crown-4-ether (m/z 1771, and the 
C,F16N+ fragment ion of PFTBA (m/z 414). Owing to 
the 1-psig back pressure of helium on the valve in 
these experiments, an adequate amount of buffer gas is 
not present in the analyzer volume until a pulse longer 
than 1.7 ms is requested. Therefore, no change in 
signal intensity was observed when the pulsed valve 
open time was shorter than 1.7 ms. 
The most visible consequence of the pulsed intro- 
duction of the helium buffer gas occurred when the 
pulse was placed just prior to detection (experiment c 
3 7 
Figure 2. Timing diagram for pulsed intro- 
duction of the helium buffer gas. Buffer gas is 
pulsed either (a) prior to ionization, (b) after 
ionization and before mass isolation, or (c) 
prior to detection. Steps in the analytical scan 
include: 1, pre-ionization; 2, ionization for 1 
ms; 3, cool time/helium pump out time for 
4 s; 4, two-step isolation of desired ion; 5, 
multiplier warm-up; 6, data acquisition; 7, 
shut iown/ helium pump out time for 4 s. 
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Figure 3. The effect of pulse introduction of helium before 
ionization (filled diamonds) and before detection (open triangles) 
for(a)the ion of furan (m/z 68), (b) the [M + HI+ ion of 
crown+ether (m/z 177), and (c) the C8F16Ni fragment ion 
(m/z 414) of perfluorotributylamine. Also shown is the effect on 
the [M + HI+ ion of crown+ether of pulsing the helium into the 
trap after ionization but before mass isolation (plus signs). Both 
the 9 mnizatmn and the qstorage were 0.14. The helium back pressure 
on the pulsed valve was approximately 1 psig. All symbols 
represent the average of five replicate data points. Error bars 
indicating the sample standard deviation are not displayed be- 
cause they are too small to be distinguished from the data 
symbol. 
in Figure 2; open triangles in Figure 3). The ion signal 
for all three ions increased significantly when the buffer 
gas was present at this stage of the experiment as 
opposed to prior to the earlier ionization and storage 
events. This increase in ion signal is more pronounced 
for high mass-to-charge ratio ions. This effect is shown 
by the threefold increase in ion intensity for the frag- 
ment ion of PFTBA (m/t 414) when an appreciable 
amount of helium was present during the detection 
period as opposed to when no helium was present in 
the trapping volume (before the pulsed valve was 
triggered for a minimum of 1.7 ms). The ion signal of 
the molecular ion of furan at m/z 68 displayed only a 
1.3-fold increase when the buffer gas was introduced 
before detection. Another interesting point to note is 
that the ion signals for higher mass-to-charge ratio ions 
level off after a pulsed valve open time of approxi- 
mately 2.2 ms was attained. However, the ion signal of 
the m/z 68 ion continues to grow, albeit modestly, 
with increasing pulsed valve open times. 
Pulsing in helium before ionization (experiment a in 
Figure 2; filled diamonds in Figure 3) yields a smaller 
increase in ion signal. At longer pulsed valve open 
times, the signal dwindles. In the case of m/z 414, the 
increase in ion intensity when the valve first opens is 
modest; opening the valve for longer periods actually 
decreases the ion signal compared to that with the 
valve closed. Therefore, the use of a pulse of buffer gas 
to enhance ion intensity during ionization is limited to 
a narrow range of pulsed valve open times. Interpreta- 
tion of these data can be complicated because the 
presence of buffer gas at this stage in the analytical 
scan can affect not only ion trapping and storage, but 
also ionization and fragmentation. One possible expla- 
nation for these observations is that if the buffer gas 
pressure is optimized, the buffer gas acts to minimize 
ion excursions that result in loss of ions due to colli- 
sions with the trap electrodes. On the other hand, at 
higher helium pressures, helium charge exchange and 
scattering may affect the relative intensities of molecu- 
lar and fragment ions 1241. Recall that the ions studied 
included an M+’ produced by EI (m/z. 681, an [M + 
HI+ ion produced by self-C1 (m/z 177), and a frag- 
ment ion (m/z 414). Thus, any interpretation in terms 
of the mass-to-charge ratio of the ion (or mass depen- 
dency) must be made with caution. However, it can 
certainly be concluded that the increase in sensitivity 
when the helium is pulsed in prior to ionization is 
always less than when the pulsed introduction of the 
buffer gas occurs just before detection. 
No change in ion intensity for any of the three ions 
was observed when helium was introduced after both 
ionization and the 40-ms self-C1 reaction time but 
before mass isolation (experiment b in Figure 2; plus 
signs in Figure 3b). These data are shown only for the 
[M + H]+ ion of crown-4-ether in Figure 3b, but the 
same trend was observed for all three ions. This may 
indicate that ions are not lost due to collisions with the 
trap electrodes during ion storage or simply that the 
additional helium pulse makes no difference in ion 
signal when a 4-s cool time is employed. Note that 
damping of ion motion at this point in the experiment 
may not benefit detection efficiency because the rf and 
dc voltages are varied to effect mass isolation before 
detection. 
One aspect that must be considered when draw- 
ing conclusions about whether the buffer gas pulse 
increases the trapping storage efficiency, detection ef- 
ficiency, or both is the fact that mass isolation is being 
performed in these experiments. In a given isolation 
procedure, once the ion is placed in close proximity to 
either the & = 1 or the p, = 0 boundary of the stabil- 
ity diagram to eject low or high mass ions, respec- 
tively, the amplitude of the ion’s secular excursions 
may increase such that the trajectories will 
exceed the physical dimensions of the ion trap [12]. 
The presence of buffer gas during and after the ion- 
isolation process has been shown to reduce the ion’s 
kinetic energy while the ion is near a stability bound- 
ary and subsequently to reduce the radial and axial 
excursions of the ion [25, 261. On the other hand, an 
ion trap operated in the absence of a buffer gas may 
allow the ion to maintain a stable trajectory within the 
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trap, but with a radial orbit so large that it cannot be 
ejected through the holes in the endcap electrode dur- 
ing the subsequent detection event. To ascertain what 
role the helium buffer gas actually fulfills when the 
pulsed introduction of buffer gas occurs prior to detec- 
tion, the experiment was repeated with the ion isola- 
tion step omitted. Consequently, the question of 
whether the buffer gas was simply cooling the ions 
that had been moved close to boundary and become 
kinetically excited or actually aided ion detection in 
some other fashion could be clarified. The experiment 
omitting the mass isolation step was performed for the 
[M + H]+ ion of crown-Cether. The length of the scan, 
however, was not altered. A shorter pulsed valve open 
time (approximately 1.2 ms) was necessary for helium 
to be introduced into the vacuum manifold due to an 
increase of the back pressure on the pulsed valve to 
approximately 10 psig. This back pressure was in- 
creased simply to illustrate the effect the back pressure 
has on the time the pulsed valve has to be opened to 
allow adequate introduction of helium buffer gas. As 
is apparent when comparing Figure 4 (no isolation) 
with Figure 3b (with isolation), the same trends are 
observed when helium is introduced both prior to 
ionization and prior to detection, regardless of whether 
or not mass isolation is performed. In both cases, the 
signal of the m/z 177 ion increases approximately 
threefold when helium is introduced before detection 
and only doubles when the pulsed valve is opened just 
before the ionization event. Also evident is the narrow 
o.om 
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Figure 4. Pulsed introduction of buffer gas before ionization 
(diamonds) and before detection (triangles) of the [M + H]’ ion 
of crown-g-ether (m/z 177). No mass isolation was used, al- 
though the length of the scan remained the same as in the 
previous experiment. Both the qlonizatlon and the qstorage were 
0.14. The helium back pressure on the pulsed valve was approxi- 
mately 10 psig. All symbols represent the average of five repli- 
cate data points; error bars indicate the sample standard devia- 
tion. 
range of pulsed valve open times, which allow for an 
increase in ion intensity when the pulse of buffer gas 
occurs prior to ionization. Therefore, it is apparent that 
in these experiments, the increase in the ion signal 
when the helium pulse occurs before the detection is 
not simply due to damping of the increased kinetic 
energies that arise from the mass isolation step. In- 
stead, the buffer gas may simply be necessary to focus 
the ions in the center of the trap for more efficient 
ejection through the perforations in the endcap elec- 
trode so that more ions are detected by the electron 
multiplier. 
A second experiment designed to observe the role 
buffer gas plays during mass isolation involved pul- 
sing the helium before the two-step isolation proce- 
dure. In this case, the 4-s cool time was inserted after 
the isolation event so that all helium was removed 
before detection. The length of the scan function re- 
mained unchanged from previous experiments. No 
change in ion signal intensity of the [M + HI+ ion of 
crown-4-ether was observed from that when the ion 
trap was operated without the helium pulse. There- 
fore, the presence of buffer gas during the mass isola- 
tion event does not appear to be vital to cooling ions 
that have been brought into close proximity of a stabil- 
ity boundary. 
To check if the increase in ion signal due to the 
pulsed introduction of helium before detection was a 
function of the trapping field, the qionization (periods 1 
and 2 in Figure 2) and/or the qstorage (periods 3-5 in 
Figure 2) were increased from 0.14 to 0.3. Mass isola- 
tion was not performed in these experiments. The 
results of changing the qio,,izat,on and qstorage for the 
[M + HI+ ion of crown-4-ether (m/z 177) are shown 
in Figure 5. In the absence of the buffer gas (i.e., before 
the pulsed valve open time reaches approximately 
1.2 ms), raising the qstorage (period 3 in Figure 2) from 
0.14 to 0.3 resulted in a decrease (4 X ) in ion intensity. 
Similarly, increasing the qionization (periods 1 and 2 in 
Figure 2) from 0.14 to 0.3 and with a qstorage = 0.3 
results in the ion signal dropping again by half when 
the trap is operated without helium. Upon the pulsed 
introduction of helium before ionization (experiment a 
in Figure 2), the relative increase in intensity is greater 
when the ions are formed and stored at a qstorage = 0.3 
(13-fold increase) or merely stored at qstorage = 0.3 after 
being formed at qioniZation = 0.14 (sixfold increase) com- 
pared to ionization and storage occurring at the lower 
4 of 0.14 (threefold increase). Even with the increased 
ion signal induced by the buffer gas pulse, raising 
9 storase to 0.3 results in reduction of the ion signal to 
one-half of that obtained with the qstorage held at 0.14. 
Therefore, buffer gas plays an even more critical role at 
a qstorage of 0.3 rather than at a qstorage of 0.14. In all 
cases, there is a narrow range in which the pulsed 
valve can be opened prior to ionization which subse- 
quently affords an increase in ion intensity. As ob- 
served in previous experiments, a reduction of ion 
signal ensued from employment of longer pulses. 
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5. The effect of q,on,zation and qstorage on the pulsed 
introduction of buffer gas before ionization (filled diamonds) and 
before detection (open triangles). This experiment was performed 
by using the [M + HI+ ion of crown-4ether (m/z 177). Mass 
isolation was not performed. qionlzatlon refers to the q at points 1 
and 2 of the analytical scan shown in Figure 2, whereas qstorage is 
the q at points 3-5. All symbols represent the average of five 
replicate data points; and error bars indicate the sample standard 
deviation. Error bars are not displayed in the two bottom graphs 
because they are too small to be distinguished from the data 
symbol. 
Because the 9 during the pulse before detection 
(pulse c during period 5 in Figure 2) is not changed in 
this experiment, one would expect the same relative 
increase in ion intensity with increased pulsed valve 
open times. Indeed, this is observed experimentally 
(indicated by the open triangles in Figure 5) as ion 
intensity continuously increases when the pulsed valve 
is opened for longer intervals. In all cases, the relative 
intensity of the ion signal increased fourfold when the 
buffer gas was introduced prior to detection, regard- 
less Of *e 9ionization Or qstorage. 
It is not straightforward to measure the instanta- 
neous pressure of the buffer gas when the pulsed 
valve is opened. The optimum open time (to obtain 
maximum ion intensity) depends on the back pressure 
of the buffer gas on the pulsed valve. An analytical 
scan can be implemented in which the buffer gas is 
introduced before each event for the optimal length of 
time and thus the optimal pressure. Figure 6 shows the 
effect of introducing the buffer gas prior to both the 
ionization and detection events on the intensity of the 
C4F8N+ fragment ion of PFTBA (m/z 414). The open 
time of the valve before ionization was held constant 
at 1.9 ms, which was determined to be the optimum 
from a previous experiment utilizing the same back 
pressure ( - 1 psig) on the pulsed valve. The time that 
the pulsed valve was open before detection was incre- 
mentally increased. As indicated by the open circles in 
Figure 6, the only helium that is present in the ion trap 
before approximately 1.5 ms is that arising from the 
1.9-ms pulse of buffer gas before the ionization event. 
Use of this dual pulse introduction of buffer gas re- 
sulted in a fivefold improvement in ion intensity over 
operating the ion trap without helium. However, the 
two-pulse experiment only attained a 1.3 X signal in- 
crease over that of the single pulse placed before the 
detection event. This two-pulse experiment, on the 
other hand, would certainly be beneficial for ions that 
are formed externally and injected into the trap, as 
buffer gas would be vital for efficient trapping of the 
injected ions. 
Comparing these experiments to those executed 
with a constant pressure of helium requires considera- 
tion of the 4-s cool time. Constant pressure experi- 
ments were carried out with a helium pressure of 
1.0 x lo-” torr (uncorrected) both with and without 
the inclusion of the 4-s cool time. When the long cool 
time was removed, the ion signal of the protonated 
crown-4-ether ion (m/z 177) was consistently lower 
than in all experiments where the helium gas was 
introduced through the pulsed valve. Note, however, 
that the 4-s cool time was retained in all pulsed valve 
experiments. When the constant pressure experiments 
were run with the cool time included, the ion signal 
was always greater than that when the pulse of helium 
1kKXX 1 
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Figure 6. The effect of two pulses of buffer gas-one before 
ionization and one before detection-on the intensity of the 
C,F,,N+ fragment ion of perfluorotributylamine (m/z 414). The 
pulse before ionization was held constant at 1.9 ms, whereas the 
pulse before detection was incrementally increased. This graph 
shows the intensity increase of the experiment involving the two 
pulses of helium (open circles) compared to that involving only 
the single pulse of buffer gas before ionization (filled diamonds) 
and before detection (open triangles). All symbols represent the 
average of five replicate data points. 
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occurred before ionization, but typically only half of 
that observed when the pulse occurred just prior to 
detection. This observation is consistent with the idea 
that operating the ion trap with a constant helium 
pressure may actually involve a compromise. In other 
words, the constant pressure used may not be the 
optimum for either the initial trapping and storage of 
ions or efficient detection. Consequently, the maximum 
ion signal observed with a constant buffer gas pressure 
cannot be as high as that obtained by using a pulsed 
introduction where the two pressures are optimized. 
Conclusions 
Incorporating a pulsed valve into the ion trap instru- 
ment allows tailoring of where in the experiment buffer 
gas should be present, as well as the appropriate 
pressure for each individual event. Thus, more com- 
plete control over the collisional cooling process is 
attained. The experiments described in this article have 
all been accomplished by using internal ionization, 
although results by using pulsed introduction of buffer 
gas during ion injection experiments are forthcoming 
[181. In the case in which ionization is performed 
inside the ion trap, the presence of buffer gas just prior 
to detection increases the intensity of the ion signal 
more than its presence at any other time in the scan. In 
addition, the ion signal is optimum over a broad range 
of pulsed valve open times, whereas the optimum 
when the buffer gas was pulsed before the ionization 
event is quite narrow. 
For most experiments, operation of a quadrupole 
ion trap with a constant pressure of buffer gas gives an 
adequate ion signal. Our experiments have shown that 
a higher ion signal can be obtained by using a pulsed 
introduction of buffer gas in which the pressure is 
optimized for particular events in the analytical scan. 
The approximate twofold increase in ion signal, how- 
ever, may not justify the complexity of the pulsed 
valve experiment for most applications. On the other 
hand, utilizing a constant pressure of helium is often 
detrimental for specialized experiments such as pho- 
toinduced dissociation @ID) [ 161. To attain good sensi- 
tivity and resolution, or when ion injection is per- 
formed, the use of a buffer gas during some parts of 
the analytical scan is essential. By determining the 
effect of buffer gas during the individual events of the 
analytical scan, we can conduct these specialized ex- 
J Am Sot Mass Spectrom 1997,8,532-538 
periments more efficiently with a pulsed introduction 
of buffer gas than with a constant buffer gas pressure. 
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